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Decay rates in seed populations of Acacia cyclops and A. saligna of known viability and dormancy were 
determined after one and two years of burial at different densities. Decay rates differed significantly between 
the two species, but there was no clear effect of density. Decay rates were high, despite an initially high level 
of dormancy: an average of 97% and 45% of A. cyclops and A. saligna seeds, respectively, were lost in the 
first year. Decay rates were significantly lower in the second than in the first year and it is predicted that decay 
rates would continue to decline in seeds surviving more than two years. Acacia seed populations in the soil do 
not have a continuous and constant death risk and consequently do not fit the log-linear (Le. Deevey Type II) 
survivorship curve reported in the literature for soil-stored seeds. As a small proportion of the Acacia seed 
population may have great longevity, clearing operations should incorporate a programme of periodic follow-
up control. 
Afbraaksnelhede van saad van A. cyclops en A. saligna, waarvan die lewensvatbaarheid en rustoestand 
bekend is, is na een en twee jaar nadat dit in verskillende digthede begrawe is, bepaal. 'n Aansienlike verskil 
in afbraaksnelhede tussen die twee spesies is opgemerk, maar daar was nie 'n merkbare uitwerking op die 
digtheid te bespeur nie. Afbraaksnelhede was hoog, ten spyte van aanvanklike hoe rustoestandsvlakke: 'n 
gemiddelde van 97% en 45% van A. cyclops- en A. sa/igna-saad onderskeidelik, het gedurende die eerste 
jaar verlore gegaan. Afbraaksnelhede was opvallend minder in die tweede jaar as in die eerste jaar. 'n Voort-
gesette daling van afbraaksnelhede by sade wat vir meer as twee jaar oorleef het, word voorspel. Acacia-
saad in die grond het nie 'n aaneenlopende en konstante sterflikheidsrisiko nie en gevolglik pas hulle nie in die 
patroon van log-lineere oorlewingskromme (bv. Deevey Type II), soos in die literatuur vermeld is vir onder-
grondsgebergde saad nie. Vanwee die feit dat 'n klein persentasie van Acacia-saad 'n hoe lewensverwagting 
kan he, word daar aanbeveel dat uitdunningsoperasies deur periodieke opvolgaksies ondersteun word. 
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Introduction 
Invasion by Australian Acacia species is a major threat 
to remaining vegetation in the fynbos biome, South 
Africa, with Acacia saligna (Labill.) Wend\. and A . 
cyclops A . Cunn ex G . Don, being the most widespread 
invaders in lowland ecosystems (Macdonald & Richard-
son 1986). These invasive acacias owe much of their 
success to a prolific production of hard-coated seeds , 
which accumulate in large soil-stored seed banks (Dean 
et al. 1986). Seed longevity in the soil is a pertinent 
factor in assessing the seriousness of a weed problem 
(Egley & Chandler 1978) . Seed longevity is often 
associated with water-impermeability (Rolston 1978), 
and may exceed 50 years in some Australian Acacia 
species (Cavanagh 1980). Acacia seeds therefore remain 
dormant, ensuring temporal and spatial survival 
(Rolston 1978). Soil-seed populations are generally 
assumed to have a continuous and constant death risk 
(Roberts 1972; Harper 1977) which varies with species 
and management (Sagar & Mortimer 1976), allowing 
longevity of a seed population to be inferred from decay 
rates of fresh seeds buried in the soil . Knowledge of alien 
Acacia seed decay rates and potential longevity in South 
Africa may help to identify optimal control strategies . In 
this study, decay rates of fresh A. saligna and A. cyclops 
seeds in the soil were quantified after 1 and 2 years of 
burial. The study incorporated a seed-density compo-
nent to determine pathogenic, inhibitory or other 
density-dependent factors which may influence decay 
rate. 
Methods 
The study was undertaken at the Pella Fynbos Biome 
Research Site (31°31'S , 18°32'E) , 62 km north-east of 
Cape Town . Pella has a true Mediterranean, warm-
temperate climate (Koppen's climatic type Cs) with over 
70% of the rainfall occurring between April and Septem-
ber (Jarman 1988) . Annual rainfall averaged 600 mm 
during the study period (January 1985 - March 1987). 
The area supported 5-year-old sandplain lowland fynbos 
vegetation, dominated by evergreen shrubs and Restion-
aceae, on acidic , sandy soil of the Clovelly form (Stock 
& Lewis 1986). 
Ripe seeds were collected from dehisced pods on 
Acacia saligna and A. cyclops trees at Pella during 
December 1984 and January 1985. Sub-samples (n = 
5 x 25 seeds) were tested for germinability and viability 
using methods described in Holmes & Rebelo (1988) . 
Seeds were mixed with coarsely sieved soil in fibreglass 
gauze (2-mm mesh) bags, placed in tagged cylinders of 
brass screening (3 .3-mm mesh and ca. 800 cm3 volume) 
to exclude predators, and then buried 10-50 mm deep in 
gaps between fynbos plants at the end of January 1985 . 
Seeds were grouped into five different densities (A . 
saligna , 10-200 seeds per cylinder; A. cyclops , 10-150 
seeds per cylinder; Table 1) encompassing the range 
measured under stands of the invaders (A. saligna , up to 
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Table 1 Decay rates of Acacia seeds in the soil (mean no. of seeds per container ± S.D.) 
1 and 2 years after burial at different densities 
0-1 years 1-2 years 0-2 years 
Initial Decayed Decayed Decayed 
seed % % % 
N density Mean±S.D. Range decayed Mean ±S.D. Range decayed Mean ±S.D. Range decayed 
Acacia cyclops 
10 10 9.9±0.3 9-10 99.0 0 0 0 9.9±0.3 9-10 99.0 
10 20 19.4±0.7 18-20 97.0 1.2±0.4 1-2 100 20.0±0.0 100 
5 50 49 .0±1.0 48-50 98.0 0.7±0.6 0-1 40.0 49.4±0.9 48-50 98.8 
5 100 98.8±1.1 97-100 98.8 1.0±0.8 0-2 66.6 99.6±0.5 99-100 99.6 
5 150 141.4±2.3 134--147 94.2 6.4±3.0 2-10 74.4 147.8±2.4 144--150 98.5 
Acacia saligna 
10 10 4.7±1.3 3-7 47.0 1.1 ±0.9 0-3 20.8 5.8± 1.5 4--8 58.0 
10 50 20.4±5.4 14--29 40.8 4.8±2.3 2-9 16.2 25.2±5.8 16--34 50.4 
5 100 39.6±5.1 34--46 39.6 1O.4±9.8 3-27 17.2 50.0± J2.5 48-71 50.0 
5 150 77.4±14.3 63-101 51.6 9.0±3.8 7-15 12.9 86.8± 17.0 74--116 57.9 
5 200 91.4±15.8 77-111 45.7 15.4± 10.7 4--29 14.2 106.8±20.6 88-140 53.4 
13 800 seeds m-2 ; A . cyclops, up to 5 900 seeds m-2 ; 
Milton & Hall 1981). Cylinders were recovered in early 
March 1986 for enumeration of seed remains, then 
reburied with the intact seeds and recovered again in 
early March 1987 for a second enumeration. Additional 
cohorts of seeds were buried in 1986 for bimonthly 
assessment of decay. 
Proportions of surviving seeds were arcsine-trans-
formed and differences in decay rate among density 
classes and between species were tested by analysis of 
variance (program BMDP7D, Dixon 1985). The Mann-
Whitney U test (Siegel 1956) was used to test for differ-
ences in percentage decay between years. 
The probabilities of survival measured in this study, 
together with data on seed fall under Acacia stands 
(Milton & Hall 1981) were used in matrix models (Begon 
& Mortimer 1986) to predict equilibrium seed bank 
populations and seed bank decay rates in the absence of 
seed fall. 
Results 
Percentage viabilities of seed populations used in the 
study were 84.0% ± 4.9 for A. cyclops and 100% ± 0 for 
A. saligna, with respective percentage germinabilities 
(i.e. viable nondormant portions) of 8.8% ± 6.6 and 
10.4% ± 3.6 (means ± S.D ., n = 5 x 25 seeds). 
In A. cyclops , percentage decay averaged 96.6% and 
72.1 % , for ~ 1 and 1-2 years respectively , compared to 
45.4% and 14.9% in A. saligna (Table 1) . Species 
explained most of the variance in the data (ANOVA , 
P<O.OOOl , after 1 and 2 years) , whereas there was no 
significant density effect (ANOV A , P>0.40 , after 1 and 
2 years) (Table 2). However , the pattern was less clear 
when seeds surviving after 2 years were expressed as a 
proportion of those surviving after 1 year: a significant 
interaction between species and seed density (ANOV A 
P<0.05, Table 2) is attributable to the few A. cyclops 
seeds surviving in low density classes after 1 year. 
Probability of survival was greater in the second than in 
the first year (U test , P=0.075 , A. cyclops; P=0.004 , A . 
saligna). 
In 1986, most seed bank decay occurred during 
Autumn (April - May) and Summer (December -
March) (Figure 1). 
Seed survivorship models 
Values for seed fall and probability of survival used in 
the matrix models are presented in Table 3 . Those seeds 
Table 2 Analysis of variance on arcsine-transformed proportions of Acacia seeds 
remaining in the soil 
0-1 years 1-2 years 0-2 years 
Source df SS F P df SS F P df SS F P 
Species 1 3.94 398.03 <0.0001 1 0.49 3.52 0.069 2.74 232.42 <0.0001 
Density 3 0.03 0.87 0.464 3 1.15 2.76 0.057 3 0.02 0.66 0.582 
Sp. X den. 3 0.06 1.90 0.142 3 1.38 3.31 0.031 3 0.03 0.76 0. 521 
Error 47 0.47 35 4.86 47 0.55 
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Figure 1 Patterns of survival in 1986 seed cohorts of A. 
sa ligna (triangles) and A. cyclops (squares) during 1986. 
Destructive sampling of six batches of 100 seeds per species 
(no replication). 
surviving the first 2 years were assumed to have the same' 
probability of survival as in the second year (model A) or 
a probability of survival of 0.9 (model B), the latter 
based on the hypothesis that probability of seed survival 
increases with duration of burial. The models generate 
equilibrium seed populations of (A) 24 153 and (B) 
33583 seeds m-2 for A . saligna compared to (A) 1 251 
and (B) 1 351 seeds m-2 for A. cyclops. These seed 
densities are all within the ranges measured under dense 
stands of the species, except for the first A. cyclops 
figure, which is rather low (Holmes et al. 1987). As much 
larger seed banks have been measured for both species, 
it is plausible that probability of survival increases with 
time in the soil, and in A. cyclops may approach 1.0 after 
2 years. 
The seed survivorship curves generated by the models 
in the absence of seed inputs, are compared to curves 
based on measured seed bank decline following the 
felling of Acacia stands (Holmes et al. 1987) (Figure 2). 
Models for A. saligna generate shallower curves than the 
measured seed bank decline. In A. cyclops steeper 
curves are generated by the models, with only model B 
approximating the magnitude and pattern of seed survi-
vorship following felling. 
Discussion 
Depletion of the soil seed bank is dependent upon rates 
of germination, mortality and predation (Weaver & 
Cavers 1979). As predation was excluded in this study, 
Table 3 Annual seed fall and seed survival 
probabilities used in the matrix models 
Probability of survival 
3+ years 
Annual input 
Species (seeds m-2) 0--1 years 1-2 years A B 
A. cyclops 1197' 0.03 0.33 0.33 0.9 
A. saligna 5443* 0.55 0.84 0.84 0.9 
'seed inputs are from Milton & Hall (1981) 
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Figure 2 Seed survivorship curves generated by matrix 
models (solid lines; see text for further details) and following 
felling of stands (dashed lines; data from Holmes et al. 1987). 
The upper three curves are for A. saligna and the lower four 
for A . cyclops. 
seed decay was the result of germination and mortality 
(via pathogenic attack and physiological ageing). How-
ever, loss of viability through physiological ageing is 
considered to be much reduced in seeds with coat-
imposed dormancy (Tran & Cavanagh 1984). The 
absence of density-dependent seed decay suggests that 
pathogenic attack on soil-stored Acacia seeds is minimal 
unless pathogens attack only germinating seeds, in which 
case a density-dependent relationship would not be 
implicated. It further indicates the absence of any 
inhibitory effect on germination either via germinating 
seeds (d. Inouye 1980) or dormant seeds (d. Palmblad 
1968; Linhart 1976). 
Despite the high degree of hard seeded ness in the 
initial populations (75% in A. cyclops and 90% in A. 
saligna), 97% of the A. cyclops seeds and 45% of the A. 
saligna seeds either germinated or rotted in their first 
year of burial. Therefore the degree of hardseededness 
in a population may not be a reliable indicator of its 
longevity . 
Other studies confirming low survivorship in A. 
cyclops soil-seed populations (Holmes 1988, in press) 
indicate that more seeds are lost through pre-emergence 
mortality than seedling emergence. Seeds of A. cyclops 
do not reach a peak germination percentage in labora-
tory trials, but continue to germinate over time: 32% 
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germination was attained by 60 days when the experi-
ment was terminated (Jeffery et al. 1988). When seeds 
are stored in the laboratory , only 20-40% remain 
dormant after 1-2 years (Milton & Hall 1981). These 
studies suggest that the lens tissue in A. cyclops is readily 
broken down and that other factors , such as high soil 
temperatures (Gill 1985), may not be required to break 
dormancy. 
Percentage dormancy in A . saligna is high until seeds 
are heated (Holmes 1988; Jeffery et al. 1988) . However, 
this study indicates that loss of dormancy and/or patho-
genic attack on seeds does occur, particularly in the first 
year. The degree of seed coat impermeability in legumes 
is related to the seed's moisture content and depends to 
some extent upon climatic conditions prevailing during 
late stages of maturation (Tran & Cavanagh 1984). The 
apparent lack of dormancy in the 1986 A. saligna seed 
population (Figure 1) may have resulted from moist 
atmospheric conditions prevailing between dehiscence 
and seed fall . Thus seed survivorship curves for different 
cohorts of Acacia seeds are unlikely to be identical. 
In contrast to the constant death risk model (i.e. log-
linear or Deevey Type II decline) (Roberts 1972; Harper 
1977), seeds of both species which survived the first year 
had a greater probability of survival in their second year 
(Deevey Type III decline). Ralphs & Cronin (1987) 
found a similar pattern with locoweed seeds (Astragalus 
lentiginosus; Fabaceae) and attributed the large initial 
decrease in the population to the elimination of less 
hardy seed. As dormancy in Acacia is associated only 
with the seed coat and not the embryo (Cavanagh 1980), 
permeable and damaged seeds should be eliminated 
first, and the persisting population should be relatively 
more resistant to decay. The large seed banks measured 
under alien Acacia stands (Milton & Hall 1981; Holmes 
et al. 1987) may be the result of this persistent portion 
accumulating over many years. The log-linear decay 
model was developed primarily from studies of seed 
populations in annual weeds (Harper 1977), most of 
which do not have water-impermeable seed coats and 
may remain dormant in an imbibed state until exposed to 
light of the appropriate quality (Roberts 1972) . Lonsdale 
(1988) argues that , in theory, seed longevity is unlikely 
to fit a log-linear model and should rather encompass all 
three basic survivorship models. 
In conclusion, Acacia seed populations, especially 
those of A. cyclops, are rapidly depleted in the first year, 
but have enhanced survival probabilities with increasing 
time in the soil. Initial decay rates may be even higher 
when losses through predation are included. Compari-
son of results with published data on seed bank decline 
following felling indicates that longevity in seeds 
surviving their first 2 years of burial may be much higher 
than predicted by a log-linear decay model. Therefore 
complete elimination of Acacia seed banks may take 
many years, requiring a programme of periodic follow-
up control (determined by the species' reproductive 
cycles) to ensure removal of these alien species from the 
vegetation. 
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